Increased intracellular incorporation of [3H]corticosterone in Candida albicans was dependent on cell surface hydrophobicity. C. albicans strains were grown in culture conditions that induced surface hydrophobicity, and cell wall conditions were evaluated with a polystyrene microsphere assay. Germ tubes, which exhibited the greatest cell surface hydrophobicity, incorporated seven times more radiolabel than the hydrophilic yeast forms. Hydrophobic yeasts contained four times more [3H]corticosterone than their polar counterparts. Hydrophobic yeasts incubated for 48 h on nutrient agar containing corticosterone showed reduced colony size compared with controls. These results demonstrate that environmental factors which augment cell wall hydrophobicity in C. albicans can increase the incorporation of corticosterone, which may influence the metabolic activities in this organism.
Candida albicans is the primary etiologic agent of candidiasis, a disease that can vary from superficial mucosal lesions to systemic or disseminated infection when host immunity becomes impaired (1, 18) . C. albicans takes an active role in pathogenesis by producing several virulence factors that promote the successful colonization or invasion of tissues. Investigators studying the pathogenicity of this organism have suggested various candidates for virulence factors, such as hypha-forming ability, resistance to phagocytosis, adherence to epithelial cell surfaces, growth at 37°C, and acid protease secretion (5, 19, 21) . Cell wall hydrophobicity, switching of expressed phenotypes, and the presence of iC3b receptors have also been proposed as other attributes contributing to the virulence of this yeast (6, 24) . Genetic diversity and hypothetical sets of virulence genes are used to explain the substantial virulence variability among and within various strains of C. albicans. The concept of "virulence gene sets" may explain why no one element functions as "the virulence factor" in this organism (6) .
During the past decade, many investigations have been reported concerning the influence of mammalian steroid hormones on the predisposition to susceptibility to C. albicans virulence. Various animal models indicate a direct relationship between hormonal factors, the microenvironment, and the pathogenicity of this organism (18) . Several laboratories have demonstrated that all tested strains of C. albicans have a cytoplasmic protein which binds the mammalian hormone corticosterone with high affinity, selectivity, and stereospecificity (12, 14, 20) . However, the role of this steroid-receptor complex in the metabolic and pathogenic processes of this organism has not been elucidated clearly.
In attempting to determine how corticosterone affects C. albicans metabolism, the role of the cell wall in corticosterone transport into the cell was investigated. The purpose of this study was to determine if transport of corticosterone into the cell was influenced by the dynamic nature of the hydrophobic and hydrophilic mannoproteins which have been shown to exist on the cell surface of C. albicans. (11) and incubated at 37°C for 3.5 h. Cultures were washed subsequently and resuspended in 1.0 ml of PB.
Yeast cells grown at 22 or 37°C and germ tubes (37°C) were assayed for cell surface hydrophobicity (CSH) as described by Hazen et al. (7) . A working solution of polystyrene microspheres (diameter, 0.825 ,um; Sigma Chemical Co.) was prepared from a 10% stock solution by placing 6 p.l into 2.0 ml of PB and kept on ice. Washed yeast cells which were diluted (5 X 105 cells per ml) in cold PB were kept on ice until used (within 10 min). The assay was performed by mixing equal volumes (100 p,u) of yeast cells and microspheres in polypropylene test tubes and incubating the mixture for 2 min at 22°C. The mixtures were vortexed subsequently for 30 s, and microscopic slides were prepared. Cultures were determined to exhibit CSH when 95% of the population had more than three attached microspheres, as determined by bright-field microscopy (magnification, X400). Individual cell hydrophobic surface distribution was also determined by this method.
[3H]corticosterone (10 ,uCi; specific activity, 72 Ci/mmol; New England Nuclear) was added to the yeast cultures (5 x 105 cells per ml) suspended in PB. These cultures were further incubated at either 22 or 37°C (100 rpm), and after each incubation interval, triplicate (1.0-ml) samples were taken. Incorporation of radiolabel was stopped by the immediate addition of 15% (wt/vol) trichloroacetic acid (TCA) (1.0 ml). The suspensions were then filtered through Whatman GF/A glass fiber filters, and the precipitate remaining on each filter was washed twice with 5 ml of 15% TCA and once with 95% ethanol. The filters were dried and transferred to scintillation vials, and the radioactivity was counted in Aquasol-2 scintillation fluid.
Germ tube studies involved test tube germination (3. Nonspecific trapping of radiolabel on filters was measured as described previously (3) .
The methods for protoplast formation have been described previously (4 [3H]corticosterone, the incorporation of this radiolabel varied depending on cell surface character (Fig. 1) . After 2 h of incubation the hydrophobic germ tube forms incorporated about seven times more corticosterone than the hydrophilic yeast forms. Hydrophobic yeasts incorporated four times more radiolabel than hydrophilic yeasts during this same incubation period when comparisons were made.
C. albicans 4918, C-215, and B-311 were also incubated with [3H]corticosterone in this fashion (Fig. 2) . When strains 4918, C-215, and B-311 were grown at 37°C, these cultures also demonstrated a decreased corticosterone incorporation which was similar to that of the ATCC 10321 isolate grown at 37°C (Fig. 2) ATCC 10321 were incubated with the labeled hormone at 0°C for 2 h. These fungal cells were processed, and the results showed that less than 4% of the total uptake of [3H]corticosterone was due to nonspecific binding to the cell surface, indicating that very little of the radiolabelled hormone adhered to the cell surface nonspecifically.
Protoplasts were generated from yeast cells of these C. albicans strains grown at 22°C. The protoplasts were determined to be hydrophilic by the microsphere assay. When these protoplasts were further incubated at 22°C with [3H]corticosterone, the cells did not substantially take up the radiolabelled steroid. The protoplasts maintained their hydrophilic nature during the course of incubation and had an incorporation profile similar to that of their hydrophilic counterparts with cell walls (Fig. 2) . Protoplasts of strain ATCC 10321 demonstrated a 90% decrease in incorporation of the radiolabelled steroid compared with that by germ tube forms.
To determine the relative effects of corticosterone on colony formation, both hydrophilic and hydrophobic yeast cultures of ATCC 10321 and 4918 were grown for 48 h on Sabouraud dextrose agar containing 150 ,ug of corticosterone per ml (Sigma; stock solution: 1 mg/ml of dimethyl sulfoxide) and incubated at 22 or 37°C to maintain their cell surface character. After 48 h, observations of hydrophilic cultures of both strains showed no difference in colony size or morphology on corticosterone plates compared with that on the negative control plates containing dimethyl sulfoxide (Fig. 3A) . However, at the end of that incubation period, hydrophobic colonies of both strains had grown more slowly and were about one-third the size of the control colonies (Fig. 3B) The impact of corticosterone on Candida infections in humans has been studied rarely; however, many investigators have found that corticosteroids enhance susceptibility to Candida species in a large variety of animal models (18) . Although corticosteroids are compounds with pronounced anti-inflammatory and immunosuppressive effects on mammalian hosts, the immunosuppressive effects may not be the only way by which corticosteroids can influence candidiasis. Loose et al. (12, 13) and others (20) (16) . Although documented evidence clearly indicates that this protein exists, the physiological significance of a corticosterone-binding protein in C. albicans still remains to be determined.
In many other organisms, the hormone corticosterone has been shown to govern a wide range of processes affecting development and physiological homeostasis. Studies in this area indicate that their intracellular corticosterone receptors monitor circulating hormone levels by binding with a high affinity. In turn, this interaction produces a structural change in the receptor which allows it to bind to specific DNA sequences near promoters. The activity of this steroid-receptor complex has been demonstrated to increase selectively or decrease the efficiency of transcriptional initiation at these promoters, resulting in a general alteration of protein synthesis (2, 22 (15) and the dynamic nature of these proteins is governed by changes in temperature and the growth conditions of the organism (10) .
When cultures were incubated with corticosterone for 48 h, a reduction in colony size was apparent. Although the concentration of steroid added to the nutrient agar was nearly 1,000 times the reported reference value for the physiological levels of corticosterone in the plasma of healthy individuals, it seems possible that corticosterone concentrations may reach levels of this magnitude in various tissues, especially during parenteral and topical corticosterone therapies. No 
